ABSTRACT
Introduction
The anatomical pathology provides not only histopathological tests, which represent the "gold standard" for a surgical specimen analysis, but cytopathology and autopsy test too and, in the last decades, it was also enriched by important procedures such as immunohistochemistry, molecular techniques and morphometry. All of them has one purpose: to deliver an accuracy, reliable and timely pathological report, so that the patient to receive a correct and effective treatment. Thus, there are many complex steps which must be followed to obtain a useful and good pathological report. Any error along the 1 Clinical Service of Pathology, Emergency County Hospital "Sf. Apostol Andrei" Constanța 2 Faculty of Medicine, University "Ovidius" of Constanța way can be devastating for patient and can have lethal consequences. So, a lot of efforts must be done to ensure that the chance of a medical mistake is reduced to zero. The only method that can achieve this goal is to assess the quality of a pathology service, to identify the possible medical errors and, in the same time, to ensure a safe environment by evaluating the risks exposure and implementing specific preventing measurements.
Therefore, it is mandatory that the quality assessment of all procedures from the laboratory to be constantly done, so the report to be reliable and accuracy. It was cleared that quality system are required and for this reason International Organization for Standardization (IOS) released their guidelines -ISO 9000 to improve medical reports (1) . Even if the "quality" term has several definitions, however the best one is that it represents an accurate, complete and timely report (2) . The quality management, which include both quality assurance and improvement, proved to be a difficult task in anatomical pathology since its final results are more qualitative than quantitative and there are not easy methods to measure it (3).
All activities within a pathological laboratory, which form a complete cycle for test, can be broken in three main parts (pre-analytic, analytic and post-analytic examination) and all of them must undergo quality control (4, 5) .
The pre-analytic phase
The route of a surgical specimen, from initial point of collection to the end in the pathology laboratory, is not without risk of making mistakes. All of these errors are part of the pre-analytic phase and in this category are also included the following steps: reception of the surgical probe, gross evaluation and processing the material (Tabel 1) (5). According to some studies, the pathological errors during this phase have the highest frequency, ranging from 53.3% (6) to 92.9% (7) . The last one it was identified in the research of Rao S.et al. (2016) in which, from a total of 18 626 tissue specimens, different errors were identified in 113 cases and most of them belonged to pre-analytic phase (7) .
In the research of Wiwanitkis et al. (2001), inadequate quality of specimen is the most frequent type of error, having high rate up to 47.0% (8) . Wrong identification of the patient probe was on the second place, with a frequency of 26.8%, and inadequate quantity of specimen was observed in 11.6% of cases (8) . The most frequent cause of wrong labelling was due to illegible handwriting or human error and these errors can be prevented by double check of the label or highlighted it (7) .
Other studies have been focused on the importance of presence or absence of clinical information. The study of Nakhleh et al. (1999) emphasized the importance of having access to reliable clinical and imagistic information, 2.4% of the cases examined didn't have clinical data (9) . In 0.73% of cases, the pathologist needed supplementary clinical information in order to finalize the pathological report and as a result, it was a delay in delivering it (9) . It was also observed that the final report was changed in 6.1% of cases, consecutively knowledge of clinical or imagistic information (9) Grossing of surgical specimens represent an important part of this phase and because comprised many different steps, there are also possible multiple types of errors. There were recorded errors like improper cut section in the block, cross-contamination with other types of tissue, defective was impregnation, technical problems within automatic processor, cryostat or microwave, power failure with no other alternative supply, poor processing due to a poor dehydration, mixing up the tissue, conducting special stains on wrong sections (7) . To obtain a good quality control in this complex phase it was recommended to have a checklist in which all the preventive measure to be written (10) .
The analytical phase
The analytical phase is reserved to microscopic evaluation of the slide and conceive the pathological report. Mistakes within this phase are encountered with a wide range of frequencies from 4 % (11) to 42.1% (6) .
The most frequent type of error is related to interpretation with serious consequences on both patient and pathologist (10, 12) . The correctness of the final pathological report is closely related and depended by effectiveness of all pre-analytical steps: gross evaluation of the surgical specimen and sectioning of which requires special attention to sample the most representative fragments, embedding, sectioning and staining with either usual haematoxilineosin or special stains and immunohistochemical evaluation (2). It was noticed that the incidence of these types of errors were higher in the institutions with pathology residency programs or when cases were reviewed after release than in those institution in which the result was written after a second opinion (13) . False negative results for cancer was one of the major error with a 63% rate in the study of Troxel et al (2005) (14) . Other types of defective interpretation are represented by false positive results, miss-classification which means not reporting primary diagnostic characteristics (eg. positive/ negative or benign/ malignant) or secondary features (margin, grade, stage, vascular or perineural invasion) (15) . The better way to avoid this type of mistake is to use one of peer review methods, which have proved to be an important measure of quality (2) . There are a lot of peer-reviews methods but the most relevant are following: reviewing the results and reports within the department before releasing to other institutions, studying the cases from a specific type of disease with internal consultation, correlation between cytology and histological report or between frozen section and permanent section, intradepartmental conferences (2) . Reviewing the difficult cases by a pathologist with a wide experience in a particular field of pathology, it will significantly reduce the rate of error that may occur in interpretation. A change of diagnosis after a second opinion was observed in 17% cases of breast biopsies in a study on 430 cases, most of them being observed in those cases with a benign initial diagnosis (16) .
Another common error is represented by a delay of releasing the result which it can be considered equally mistake of analytical phase (6) as well as mistake of post-analytical phase (11) . Turn-around time (TAT) is considered to be an extremely useful measure for this type of mistakes. It acts as a quality measure and it is defined as the time passing from receiving the surgical specimen in pathology laboratory and releasing the final report (17) . It depends on surgical specimen type (its volume or complexity), number of blocks and slides examined, re-grossing (eg. for additional lymph node evaluation), recuts, re-embedding, additional techniques (overnight fixation, decalcification, special stain, immunostains, molecular test) or collaboration with other doctors (17, 18) . A final report of at least 90% of all probes must be released in 2-3 days according to CAP suggestions (19) . It was also advised that each pathological laboratory must established its routine probe (19) . In 2015, Volmar et al. proved in its study which included 56 institutions and evaluated 2763 large surgical specimen that TAT of larger or complex probes is longer compared with TAT of small biopsies (18) . A prolonged time was also observed for those cases with frozen sections, for specimen which required overnight fixation or special stains and for malignant cases (18) . This was the reason for which it was recommended that TAT should be more than 2 days in those pathological laboratories where cancer surgical specimens are evaluated (17) .
The post-analytical phase
The post-analytical phase begins with typing the histopathological report and ends with its release to the patient (Table 1 ). Errors falling in this category are less frequent then those observed in the previous phases, with a rate up to 8% (11) . In this phase it can be encountered errors regarding the final report with wrong validation of data, a delay in TAT, improper data entry. Defective reports refer both to reports with wrong or missing information not related to pathological report, as clinician's name or date of procedure and those reports with different typing errors (20) . It can comprise mistakes regarding the modality of reporting the results and interpretation in the settings of clinical background, errors regarding the releasing the final diagnosis to the correct patient or inadequate storage conditions (5, 20) .
Pathological errors
The rate of pathology report errors represents an indicator of quality. They can be classified both in terms of way of occurrence and in terms of impact that they have on the patient. Regarding the modality of production, medical errors can be divided in four groups: errors regarding the modality of a report, errors involving the specimen, mistakes in identification and in interpretation (13, 15) . The last category comprises the vast majority of pathological errors with a rate up to 14.6% (21), the most frequent being, in descending order, false negative-types of mistakes, false positive results and misclassification (20) . Another important category of errors, with a frequency up to 13,3% (21) , is represented by those related to identification of the patient or the surgical specimen, the correct anatomic location or laterality, most of them belonging to the preanalytical phase (20) .
From point of view of the impact on patient care, errors can be divided in the following categories: no impact, minimal harm, minor harm, moderate harm and major harm (15) . Those errors which don't have impact on patient care are those mistakes which haven't been transmitted or have been ignored. In the category with minimal morbidity there are delay in reporting a final diagnose (no more than 6month), delay in therapy no more than 6 months or over treatment because of inappropriate diagnose. The last category includes those errors which major consequence on the quality of patient like loss of an organ or its function (15) . In a study of Goldschmidt et al., severe errors were identified with a 12% frequency (22) .
Identification of risks exposure
The risks at which the employees are exposed can be numerous and these are depending on different steps that are performed in the pathology laboratory, starting from the first step (receiving sample). Evaluation of the potential risks is important in order to identified and to incorporate preventive safety measures.
There are physical, chemical and biological hazards which can be identified in every anatomical pathological laboratory and for each of them there are mandatory to know and to apply all the necessary safe procedures. Ejilemele AA et al. (2005) proved in her study that employee safety is jeopardized by mitigating the risk hazards, by ignoring prevention measures and the non-recognition procedure (23) .
The highest rate for physical risks obtained Table 1 . Different types of errors specific for all three phases of a complete cycle test which affect the final pathological report. Pre-analytical phase (7, 8, 20, 21) Involving the surgical specimen Accessioning (the surgical specimen isn't the same as in request; losing the probe; wrong number for labeling the probe; incorrect attachment of worksheets to the gross description) Inaccurate quality or quantity of specimen Use an unsuitable container and/or mislabeling it Inadequate fixation (wrong volume/poor quality of fixation solution or insufficient/ prolonged time for fixation) Errors in macroscopic evaluation regarding the correct orientation, localization, laterality, measurements or proper samples. Mistakes during tissue processing due to technical problems (power failure, incorrect was impregnation, different technical fault of automatic tissue processor or of cryostat, poor dehydration) Involving the patient Wrong identification data of the patient because of wrong labelling Mixing up the surgical probes Not having access to clinical data regarding the history of the patient or to different initial laboratory tests. Analytical phase (2, 6, 11, 12) 
Intra-operative
Differences between diagnosis of frozen-section and permanent section Final diagnosis Slides with technical defects Foreign tissue on the slide Incorrect block/ slide identification Interpretation errors A prolonged time for a final diagnose. Errors regarding the immunohistochemistry (using expired antibodies; absence of external validation for different biomarkers) .
Post-analytic phase (11, 12) Errors in transcription of the final pathological report Defective reports Delay in releasing the diagnosis. Inadequate storage conditions.
in the study of Howard Huges Medical Institute Office of Laboratory Safety were laceration lesion (32%), followed by bruise, sprain, strain, fracture (21%), chemical exposure (11%) and eye injury (10%) (24). A possible source of injuries is represented by the electrical laboratory equipment which can be dangerous as there is an increased risk for electrical shock, but it can be prevented by proper installation and grounding. Sharps objects or broken glass must be quickly and with great care removed in special container and after this it must be seal. Laboratory glassware and plasticware must be put in cardboard boxes while there are transporting through the laboratory and if they are contaminated, they must be de-contaminated. As a rule of prevention, the boxes are not used for the disposal of liquid wastes, biohazardous materials or chemically contaminated objects (25, 26) .
Regarding chemical hazards, the most common routes for endanger the safe of the staff are inhalation, absorption through the skin or, rarely, by ingestion. The most frequent chemical substances are toluene, formaldehyde and xylene. To prevent any risk of exposure, all of these toxic chemicals must be handled in their containers, labelled with their usual names and concentration, stored in special area which are well-ventilated (26, 27) .
Biological hazards represent the most established and recorded cause for injuries related to a laboratory (28) . They represent a frequent source of infections and in a study conducted through a period of 20 years in the United State of America it was showing that Mycobacterium tuberculosis infection was the most frequent bacteria, with 24.5% rate from all the biological agents identified (29) . Aerosols are responsible for most of the infections for this reason the laboratories must have a continuous airflow and filtration of exhausted air Safety in a surgical pathology laboratory must be a priority for all managers. It can be improved when there is a safety manual with instructions and procedures, which is regular update and continuous improved. A key role in achieving a safe environment for both employees and patients are safety training courses which must be evaluated and constantly implemented. All employees must be trained and informed about the potential risks (28) . Safety is not a passive process, instead is requiring for continuous review. When it is neglected, it can increase the risk for deteriorate de health of staff and it can destroy the equipment and facilities (25) . It is closely related to quality control and there are necessary to do regular audit to ensure a safe environment (26, 28).
Cnclusion
Identification of specific pathological errors in an anatomic laboratory for each phase of the entire process circle and applying tailored preventing measures can lead to the improved of the quality of the results. The most important and significant quality indicators are accuracy and complete of the final diagnose along with timely pathological report. Therefore, it is important to implement quality system and to improve them all the time. Last but not least, the enforcement of safety and accident prevention in the laboratory provide a poper environment for all lab activities and provide a good protection for both patient and staff.
